Introduction
============

The global epidemiologic burden of anemia has been widely recognized, as one-third of the global population remain anemic.[@b1-jbm-9-195] According to WHO, childhood anemia is diagnosed when hemoglobin (Hb) levels are below 11.0 g/dL.[@b2-jbm-9-195] The burden is more among pregnant women and children below the age of 5 years, and with peak during the first 2 years of life.[@b3-jbm-9-195] Though complex, its causes are ascribed to micronutrient deficiencies like iron deficiency, vitamin B~12~ deficiency, and folate deficiency and infections like malaria, worm infestations, and a complex interplay of these factors.[@b3-jbm-9-195]

Childhood anemia is of concern as it leads to poor health, physical and mental growth retardations with eventual cognitive difficulties, and increased risk of morbidity and mortality.[@b1-jbm-9-195],[@b4-jbm-9-195],[@b5-jbm-9-195] This phenomenological attribute makes anemia a public health concern, mainly in sub-Saharan Africa, where malaria and nutrient deficiencies are common.[@b1-jbm-9-195],[@b6-jbm-9-195],[@b7-jbm-9-195] This has inexorably necessitated concerted interventions like deworming, malaria presumptive treatment, and provision of fortified foods.[@b4-jbm-9-195],[@b5-jbm-9-195],[@b8-jbm-9-195] Despite the lifesaving maneuvers, numerous research studies conducted in Africa indicate that the prevalence of anemia among children below 5 years remains unacceptably very high. For example, in Northeast Ethiopia, anemia prevalence was found to be 47.4%;[@b9-jbm-9-195] in Cape Verde, it was reported to be 51.8%;[@b10-jbm-9-195] 28.8% in Kenya;[@b11-jbm-9-195] 43% in Democratic Republic of Congo,[@b6-jbm-9-195] and 45% in southern Cameroon.[@b12-jbm-9-195] The burden has been reported even higher at 78.4% in Ghana[@b13-jbm-9-195] and 77.2% in Tanzania.[@b14-jbm-9-195] Relatedly, the burden of anemia among under 5-year old children in Uganda was reported to be 67.5%;[@b15-jbm-9-195] however, this varies with different districts, that is 58.8% in Namutumba District[@b16-jbm-9-195] and 26.2% in Bushenyi District.[@b7-jbm-9-195] At the same time, clinical diagnosis remains wanting as children with mild-to-moderate degrees of anemia may go undiagnosed and therefore untreated. This factor in addition to limited data on the burden and associated factors of anemia among children below the age of 5 years in Gulu District, Northern Uganda may complicate both clinical intervention and policy formulation. Thus, the aim of this study was to determine the prevalence and factors associated with anemia among preschool children at St. Mary's Hospital, Lacor, Gulu District in Northern Uganda.

Materials and methods
=====================

Study design and study setting
------------------------------

This was a cross-sectional study, conducted from July to November of 2016 at St. Mary's Hospital Lacor Pediatric Outpatients' Department. Founded by Comboni missionaries in 1959, St. Mary's Hospital Lacor is located about 338 km from Kampala city, 6 km off Gulu town along Juba road in Obiya Village, Bardege subcounty, Gulu Municipality, Northern Uganda. The hospital runs under the management of the Roman Catholic Archdiocese of Gulu. It has a bed capacity of 554, of which 157 are in pediatric ward. It receives approximately 200 cases daily in the outpatient department, of which about 40 are children below 5 years of age.

Sample size estimation, study participants, and sampling
--------------------------------------------------------

We calculated the sample size of our study using a two-sided 95% binomial CI with a 5% margin of error assuming the national prevalence of anemia as 67.5%.[@b15-jbm-9-195] Our study participants comprised a total of 343 children under 5 years of age, whose parents or caregivers consented for the study. We excluded participants with obvious clinical anemia, hemorrhage, suspected or confirmed bleeding disorders, known sickle cell disease children, HIV-infected children, those with a blood transfusion history, and/or were operated within the past 3 months. We also excluded children who were too ill and in critical condition. Our participants were enrolled using a consecutive sampling technique. As this study lasted for a duration of 5 months, we ensured that a participant was not repeated.

Data collection and processing
------------------------------

Sociodemographic, socioeconomic, and other related data were obtained using questionnaire-based interview. Our questionnaire comprised the child's gender, age category in months, history of chronic illness, caregiver's knowledge of anemia, mothers' parity, education level attained, average household income, frequency of feeding, and complementary foods. To ensure quality and reliable data, the questionnaire was pilot-tested using 15 caregivers of children under 5 years of age attending Benedict Medical Centre Luzira in Nakawa division, and changes were effected.

Laboratory investigation to determine Hb levels was done using HemoCue HB 201^+^ analyzer (HemoCue, Angelholm, Sweden). Blood samples were collected by finger pricking with a sterile disposable lancet after careful disinfection with cotton immersed in 70% ethanol. A drop of blood was allowed to enter the optical window of the microcuvette by capillary action. The microcuvette was placed into the cuvette holder for photometric determination of Hb level, and anemia was considered for children with Hb levels lower than 11 g/dL.[@b3-jbm-9-195] Mild, moderate, and severe anemia were considered for Hb levels of 10.0--10.9 g/dL, 7.0--9.9 g/dL, and \<7.0 g/dL, respectively.[@b3-jbm-9-195] Furthermore, about 1.8 mL of venous blood was collected in a 2.0 mL EDTA vacutainer and used to make thin and thick blood films that were stained using Giemsa.[@b16-jbm-9-195] The blood films were air-dried and examined for morphological characterization of anemia based on a comprehensive blood film comment. Anemia was reported based on: 1) red blood cells (RBCs) size that is, normocytic, microcytic, and macrocytic, and 2) RBCs staining, that is, normochromic and hypochromic.[@b17-jbm-9-195] The prepared thick and thin peripheral blood films were examined to detect the type of hemoparasite. The microcytic RBC picture is characteristic of iron-deficiency anemia, the macrocytic RBC picture is seen in megaloblastic anemia, while the normocytic RBCs are found in different conditions as in a chronic disease, aplastic anemia, blood loss, and suppressed production of RBCs or hemolysis.[@b3-jbm-9-195] Additionally, about 5 g of fresh stool was collected from each participant and analyzed using wet preparations and formol--ether concentration technique for intestinal parasites. Blood and stool samples were analyzed using standard operating procedure. All blood and stool-positive slides were confirmed by a proficient laboratory technologist (FW) attached to Lancet laboratories. Additionally, blood film comments were made by two independent readers and discussed before a conclusive report was made. The final reports on comprehensive blood film comment were cross-checked and validated by a proficient person (IMT) of the Hematology and Blood Transfusion Unit of Clarke International University (formerly, International Health Sciences University). The obtained data were cross-checked to ensure their completeness and kept under lock and key, only available to the investigation team.

Data analysis
-------------

Data were entered using Microsoft Excel 2013, cleaned, and analyzed using SPSS, version 17.0. Descriptive statistics (mean, frequencies, cross tabulation) were used to describe study participants and to determine the prevalence of anemia. Univariate and multivariate logistic regression analyses were done to look for statistical significance with associated factors of anemia. This was based on those variables with *P*-value of 0.05 or less in the univariate logistic regression and was considered for the multivariable logistic regression analysis. Variables with a *P*-value of \<0.05 were considered statistically significant.

Ethics considerations
---------------------

Ethical approval was sought and obtained from research and ethics committees of Clarke International University and St. Mary's Hospital, Lacor. All caregivers gave written informed consent. Laboratory results were given to the attending doctor for prompt patient care. Anonymity of the participants was ensured at all stages of data analysis.

Results
=======

Sociodemographic characteristics of study participants
------------------------------------------------------

This study included 343 children, whose characteristics are indicated in [Table 1](#t1-jbm-9-195){ref-type="table"}. They comprised 62.7% (N=215) females. The predominant age group was between 12 and 24 months (30.3%, N=104). The IQR, median, and mean Hb levels were 5.1±3.2 g/dL, 8.2 g/dL, and 7.9 g/dL, respectively. Six (3.7%) of the participants were infested with *Plasmodium falciparum*, while 2 (1.2%) had intestinal parasites.

Prevalence and severity of anemia
---------------------------------

Overall, 160 (46.6%, 95% CI: 42.1--51.46) participants had anemia. Of these, 19 (11.9%) participants had severe anemia, 94 (58.8%) had moderate anemia, while 47 (29.4%) had mild anemia as presented in [Figure 1](#f1-jbm-9-195){ref-type="fig"}.

Morphological characterization of anemia
----------------------------------------

Examination of the peripheral thin blood film indicated that majority of the anemic children (N=106, 65.4%) had a hypochromic-microcytic blood picture, while 15.4% (N=25) had a hypochromic-macrocytic picture. Thirty-one (19.1%) participants presented with normochromic-microcytic RBCs.

Associated factors of anemia
----------------------------

Logistic regression was used to elucidate the effect of sociodemographic, socioeconomic, feeding pattern, history of chronic illnesses, and risk of parasite infestation to the acquisition of anemia as indicated in [Table 2](#t2-jbm-9-195){ref-type="table"}. From the analysis, the variables (OR, 95% CI) that had statistically significant association were infestation with parasites (4.51, 2.92--5.17), history of chronic disease (6.01, 3.82--6.75), lack of complementary feeding (4.13, 2.74--5.68), insufficient (at least twice a month) complementary feeding (2.68, 1.83--3.19), households whose annual income was below 200,000 Ugandan Shillings (an equivalent of 55 USD; 6.10, 4.11--8.32) as indicated in [Table 3](#t3-jbm-9-195){ref-type="table"}.

Discussion
==========

This study found that 160 children below the age of 5 years had Hb levels less than 11.0 g/dL, indicative of a 46.6% (95% CI: 42.1--51.46) prevalence of anemia. This is slightly lower than the global prevalence of 47.7%,[@b18-jbm-9-195] and 47.4% reported in Ethiopia.[@b9-jbm-9-195] The prevalence is however higher than 26.2% reported in Bushenyi,[@b7-jbm-9-195] 28.8% in Kenya,[@b11-jbm-9-195] and 45% in Cameroon.[@b12-jbm-9-195] While the causes of this markedly higher variance are multifactorial, it is probably attributed to a number of factors: first, our study population comprised children who were sick and had sought for formal health care, which may imply that they had already developed anemia considering the poor health care seeking behaviors in our communities. Second, this population is characterized by low standards of living due to post conflict environment, and this may warrant high parasitic infection burdens which are known risk factors of anemia. Contrary to our study findings, a number of studies have reported a higher prevalence, for example, 78.4% in Ghana,[@b13-jbm-9-195] 77.2% in Tanzania,[@b14-jbm-9-195] 51.8% in Cape Verde,[@b10-jbm-9-195] and 58.8% in Namutumba District in Uganda.[@b19-jbm-9-195]

The majority of our participants had mild-to-moderate forms of anemia (29.4% and 58.8%, respectively), while 11.9% had severe anemia. This finding is in agreement with other studies.[@b20-jbm-9-195]--[@b23-jbm-9-195] The moderate form of anemia may require instant clinical intervention since it can progress to more severe and life-threatening outcome, mainly in limited resource setups, where apt diagnosis may not be done.[@b18-jbm-9-195],[@b20-jbm-9-195] As defined by WHO,[@b3-jbm-9-195] identification of the severity of anemia could help to overcome morbidity and associated mortality. The high percentage of severe anemia may be ascribed to the endemic parasitic infection, as evidenced by the positive indices in this study. This observation is consistent with what was reported in Tanzania[@b24-jbm-9-195] and Kenya.[@b25-jbm-9-195]

Our study has further revealed the predominant morphological forms of anemia as hypochromic-microcytic and normochromic-microcytic anemia. This feature collaborates with results from a study done in Serbia.[@b26-jbm-9-195] Based on the RBC size, the microcytic picture is indicative of iron-deficiency anemia, while macrocytic anemia is a feature of megaloblastic anemia due to either vitamin B~12~ or folate deficiency.[@b27-jbm-9-195] Finding of parasitic infections (3.7% *P. falciparum* and 1.2% intestinal parasites) is suggestive of nutrient-deficiency anemia as the underlying mechanism, as reported earlier.[@b6-jbm-9-195]

In this study, we have explored that children infested with parasites (*P*=0.00), history of chronic disease (*P*=0.02), lack of complementary feeding (*P*=0.01), insufficient (at least twice a month) complementary feeding (*P*=0.04), and households whose annual income was below 200,000 Ugandan Shillings (an equivalent of 55 USD; *P*=0.00) were predictor variables of anemia. This is consistent with what has been reported.[@b7-jbm-9-195],[@b9-jbm-9-195],[@b12-jbm-9-195] The presence of *P. falciparum* is a known phenomenon that causes iron deficiency through destruction of RBCs. On the other hand, chronic diseases exert their effect through interference with hematologic balance between RBC productions via erythropoietin release, consequently, inducing anemia.[@b8-jbm-9-195] The low socioeconomic status of less than 55 USD annually indicates a low standard of living that may not permit the special feeding demands of children under 5 years of age. These findings have been reported in other regions.[@b7-jbm-9-195],[@b11-jbm-9-195],[@b12-jbm-9-195]

A limitation of our study is that confirmatory tests including iron studies, bone marrow biopsy, and Hb electrophoresis were not performed. This may limit the estimation of prevalence and severity of anemia in these children. The results of our hospital-based study and consecutively enrolling participants make it rather difficult to generalize the findings to the entire Gulu District for children under 5 years of age. Furthermore, the observed macrocytosis of the RBC morphology may be pseudo due to exaggerated flattening, while making the peripheral blood thin film. Additionally, the use of a questionnaire is dependent on the caregivers' assessment, and finally, our laboratory assays are not regarded as the gold standard to establish a causal relationship, making it difficult to eliminate anemia in the study area.

Conclusion
==========

This study has demonstrated evidence of a high prevalence of childhood anemia at St. Mary's Hospital Lacor, Gulu District in Northern Uganda. Based on the WHO benchmarks, a population prevalence rate of greater than 40% is a severe public health concern, demanding immediate actions and measures to help diminish the burden of the disease. Considering a high prevalence of anemia, prevention may necessitate to be revised: 1) regular screening of Hb level must target all children under 5 years of age irrespective of their clinical status, 2) interventions aimed at lowering the anemia rates are key in this region, and 3) community education programs would assist lower the risk of childhood anemia.
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###### 

Sociodemographic factors associated with anemia among children under 5 years of age

  Variables                                               Frequency (%)   Anemic, n (%)   Nonanemic, n (%)
  ------------------------------------------------------- --------------- --------------- ------------------
                                                                                          
  Gender                                                                                  
   Male                                                   128 (37.3)      69 (53.9)       59 (46.1)
   Female                                                 215 (62.7)      93 (43.3)       122 (56.7)
  Age (months)                                                                            
   Under 11                                               69 (20.1)       49 (71.0)       20 (29.0)
   12--23                                                 104 (30.3)      41 (39.4)       63 (60.6)
   24--35                                                 35 (10.2)       33 (94.3)       2 (5.7)
   36--47                                                 88 (25.7)       12 (13.6)       76 (86.4)
   \>48                                                   47 (13.7)       27 (57.4        20 (42.6)
  Caregiver's knowledge of anemia                                                         
   Yes                                                    197 (57.4)      76 (38.6)       121 (61.4)
   No                                                     146 (42.6)      86 (58.9)       60 (41.1)
  Parity                                                                                  
   Para 1--2                                              91 (26.5)       87 (95.6)       4 (4.4)
   Para 3--5                                              158 (46.1)      63 (39.9)       95 (60.1)
   Para 5 and above                                       94 (27.4)       12 (12.8)       82 (87.2)
  Caregiver's education level                                                             
   None                                                   119 (34.7)      69 (58.0)       50 (42.0)
   Primary level                                          87 (25.4)       38 (43.7)       49 (56.3)
   Secondary level                                        62 (18.1)       33 (53.2)       29 (46.8)
   Postsecondary                                          75 (21.9)       22 (29.3)       53 (70.7)
  Average household income (Ugandan Shillings) per year                                   
   Below 200,000                                          198 (57.7)      107 (54.0)      91(46.0)
   200,001--500,000                                       106 (30.9)      41 (38.7)       65 (61.3)
   500,001--1,000,000                                     35 (10.2)       14 (40.0)       21 (60.0)
   Above 1,000,000                                        4 (1.2)         0 (0.0)         4 (100.0)
  Daily frequency of feeding                                                              
   At least 2 meals                                       268 (78.1)      127 (47.4)      141 (52.6)
   More than 2 meals                                      75 (21.9)       35 (46.7)       40 (53.3)
  Monthly frequency of complementary foods                                                
   None                                                   87 (25.4)       48 (55.2)       39 (44.8)
   At least twice a month                                 173 (50.4)      106 (61.3)      67 (38.7)
   Above twice a month                                    83 (24.2)       8 (9.6)         75 (90.4)
  History of chronic illness                                                              
   Yes                                                    61 (17.8)       16 (26.2)       45 (73.8)
   No                                                     282 (82.2)      146 (51.8)      136 (48.2)

**Note:** 3,700 Ugandan Shilling is an equivalent of 1 USD.

###### 

Univariate logistic analysis of risk factors toward causation of anemia among children under 5 years of age

  Variables                                                        OR (95% CI)         *P*-value
  ---------------------------------------------------------------- ------------------- -------------------------------------------------
                                                                                       
  Gender                                                                               
   Males                                                           1.00                
   Females                                                         1.72 (1.13--2.98)   0.981
  Age (months)                                                                         
   Under 11                                                        1.00                
   12--23                                                          1.35 (0.92--1.18)   0.559
   24--35                                                          1.18 (0.74--1.58)   0.604
   36--47                                                          1.41 (0.82--2.47)   0.781
   \>48                                                            2.23 (1.61--3.28)   0.539
  Knowledge of anemia                                                                  
   Yes                                                             1.00                0.726
   No                                                              1.66 (1.22--4.18)   
  Parity                                                                               
   Para 1--2                                                       1.00                0.183
   Para 3--5                                                       2.61 (1.72--3.24)   0.604
   Para 5 and above                                                1.91 (1.42--3.17)   0.738
  Guardian's education level                                                           
   None                                                            1.00                0.322
   Primary level                                                   2.81 (2.10--3.74)   0.609
   Secondary level                                                 2.44 (2.16--4.69)   0.361
   Postsecondary                                                   1.61 (1.18--2.84)   0.401
  Average household income (Ugandan Shillings) a year                                  
   Below 200,000                                                   1.00                
   200,001--500,000                                                2.84 (2.46--3.38)   0.033[\*](#tfn2-jbm-9-195){ref-type="table-fn"}
   500,001--1,000,000                                              1.91 (1.32--2.85)   0.014[\*](#tfn2-jbm-9-195){ref-type="table-fn"}
   Above 1,000,000                                                 2.62 (2.26--3.41)   0.041[\*](#tfn2-jbm-9-195){ref-type="table-fn"}
  Frequency of feeding (day)                                                           
   More than 2 meals                                               1.00                0.659
   At least 2 meals                                                1.26 (0.71--2.14)   
  Frequency of complementary foods                                                     
   Above two times a month                                         1.00                0.041[\*](#tfn2-jbm-9-195){ref-type="table-fn"}
   At least twice a month                                          2.68 (1.83--3.19)   0.009[\*](#tfn2-jbm-9-195){ref-type="table-fn"}
   None                                                            4.13 (2.74--5.68)   
  History of chronic illness                                                           
   No                                                              1.00                0.027[\*](#tfn2-jbm-9-195){ref-type="table-fn"}
   Yes                                                             5.13 (3.13--6.42)   
  Infestation with *Plasmodium* species and intestinal parasites                       
   No                                                              1.00                0.012[\*](#tfn2-jbm-9-195){ref-type="table-fn"}
   Yes                                                             3.43 (2.88--5.14)   

**Note:**

Statistically significant values; 1.00 denotes a reference population.

###### 

Results of multivariate logistic regression analysis of the risk factors of acquiring anemia

  Variables                                                      OR (95% CI)         *P-*value
  -------------------------------------------------------------- ------------------- --------------------------------------------------
                                                                                     
  Average household income (Ugandan Shillings) a year                                
   Below 200,000                                                 6.10 (4.11--8.32)   \<0.01[\*](#tfn4-jbm-9-195){ref-type="table-fn"}
   200,001--500,000                                              4.91 (3.67--6.15)   0.059
   500,001--1,000,000                                            2.71 (2.46--3.81)   0.077
   Above 1,000,000                                               1.00                
  Frequency of feeding (day)                                                         
   More than 2 meals                                             1.00                0.068
   At least 2 meals                                              2.2 (1.41--2.90)    
  Frequency of complementary foods                                                   
   Above two times a month                                       1.00                
   At least twice a month                                        2.68 (1.83--3.19)   0.041[\*](#tfn4-jbm-9-195){ref-type="table-fn"}
   None                                                          4.13 (2.74--5.68)   0.013[\*](#tfn4-jbm-9-195){ref-type="table-fn"}
  History of chronic illness                                                         
   No                                                            1.00                
   Yes                                                           6.01 (3.82--6.75)   0.017[\*](#tfn4-jbm-9-195){ref-type="table-fn"}
  Infection with *Plasmodium* species and intestinal parasites                       
   No                                                            1.00                \<0.01[\*](#tfn4-jbm-9-195){ref-type="table-fn"}
   Yes                                                           4.51 (2.92--5.17)   

**Note:** −2 Log likelihood 143.939; Cox and Snell *R*^2^ 0.149; Nagelkerke *R*[@b2-jbm-9-195] 0.200; 1.0 denotes referent category.

Statistically significant values.
